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On December 7, 1992 the NWS implemented operational ensemble forecasts 3]. At regular time intervals several perturbations to the model atmospheric state are created. The original atmospheric state (referred to below a s t h e main solution) and the ensemble of perturbed states are evolved forward in time by the model to create an ensemble of forecasts.
The di erence between the main solution and a perturbed solution is similar to a Lyapunov vector in the calculation of the evolution of di erential displacements from chaotic trajectories 4,5]. A di erence here is that for the NWS computation, the perturbations, although small, are not in nitesimal. The individual perturbations obtained from the ensemble forecasts are called the bred vectors. If the perturbations were in nitesimal (rather than nite), then, in the limit of in nite time evolution, the bred vectors would point in the direction of dominant growth, and the corresponding exponential growth rate of their magnitudes would be the largest Lyapunov exponent.
For the analysis presented in this paper, we used ensembles consisting of 5 perturbed forecasts 5,6]. The ensemble forecasts are made available on the Internet every 24 hours by the NWS and give the forecasts at 12 hour intervals spanning 8 days. In this study we focus on the wind vector eld at the height where the pressure is 500 millibars (approximately 5 km in altitude).
We consider square regions of roughly 1100 km x 1100 km, choosing a grid point in the center of the region plus 24 uniformly distributed neighbors. The north-south and east-west wind components of a bred vector at the 500mb pressure level at each of the 25 points in such a region form a 50 dimensional column vector which we refer to as a local bred v e ctor.
If there are k local bred vectors (k = 5 in our case), the issue we w ant to address is the degree of linear independence of these k local bred vectors. That is, we w ant to determine the e ective dimensionality of the subspace spanned by the local bred vectors. To do this we use empirical orthogonal functions (EOFs) (also known as principal component analysis). The underlying idea is to nd the lowest dimensional subspace that, in a least squares sense, optimally represents the majority of the data.
The k local bred column vectors form a 50xk matrix, B. The singular values of B are i and measure the extent to which the k column unit vectors making up B point in the direction v i . By identifying how many of the vectors of v i represent most of the variance of B we can identify an e ective dimension spanned by the k local bred vectors. In order to do so, we de ne the following statistic on the singular values which we call the BV-dimension (bred vector dimension): In Figure 1 we s h o w this analysis applied to a 36 hour forecasts. The BV-dimension was calculated at each s p atial point on the grid and colored red for lower values and blue for larger values. A large region of relatively low dimensionality (BV-dimension less than 2.5) is evident o ver North America (red-yellow). This indicates that in this region, the local bred vectors e ectively span a space of substantially lower dimension than that of the full space. We also nd that there is a well de ned vertical structure (from 850 millibars to 250 millibars) in the atmospheric column of regions with low BV-dimensions. It is also found that low values of BV-dimension, over time, tend to follow fairly de ned tracks in our data set moving from west to east. The average location of regions with low BV-dimension for the time period of February 10, 2000 to July 30, 2000 is exhibited in Figure 2 7 ].
The regions of low BV-dimension have potentially important implications for weather forecasting. A major e ort in forecasting is devoted to the process of data assimilation. At a n y g i v en time t 0 , there is inevitably a discrepancy4(t 0 ) b e t ween the true atmospheric state and its representation in the computer model. Now c o n s i d e r a later time t 1 > t 0 , and suppose that in a region of interest there is a low BV-dimension at time t 1 . This implies that any local discrepancy4(t 1 ) b e t ween the true state and its representation in the computer model lies predominantly in the \unstable subspace", the space spanned by the few vectors that contribute most strongly to the the low BV-dimension 8]. We conjecture that in many cases this information can yield a substantial improvement i n forecasting. In particular, the implication is that the data assimilation algorithm should correct the computer model state by m o ving it closer to the observations along the direction of the unstable subspace since that is where the true state most likely lies 9]. Current data assimilation techniques do not take this into account. 
